Introduction
Cellular immunity is generally regarded as central to the pathogenesis of primary Sjogren's syndrome (pSS).' Consequently, T cell phenotype and function have been one of the major focuses of experimental studies on this autoimmune disorder during the past few years (1) . A number of T cell abnormalities, thought to be linked to the well known hyperreactivity of B lymphocytes, have been detected in the peripheral blood of patients with pSS (2) . However, the basis for this T cell disregulation is not fully understood.
t Deceased. Our knowledge of the mechanisms involved in physiological T cell activation has notably improved with the availability of MAb for specific functional structures of the T cell surface. It is known that the primary pathway for the clonal expansion of T cells occurs by means of antigen recognition by the antigen T cell receptor Ti/CD3 complex (3) . In addition, a number of T cell surface molecules, which regulate the activation of T cells, have been identified (3) . In particular, the CD2 antigen, originally described as the sheep erythrocyte binding protein, appears to play a crucial role in T cell activation (4) . CD2, which is structurally related to its natural ligand lymphocyte function-associated antigen 3 (LFA-3) and distinct from the Ti/CD3 complex, may be regarded as a member of the immunoglobulin superfamily (3, 5) . At least two epitopes, termed T 1 11X and T 112, have been detected on this molecule in resting T cells. The binding of antibodies to either T 11 or T 12 antigens induces the appearance of a third epitope, called Tl 13. The sequential addition of anti-T 112 and anti-Tl 13 antibodies provides a potent T cell mitogenic stimulus, alternative to that offered by antibodies to the Ti/CD3 complex (4) . The significance of this alternative T cell activation pathway in physiological and pathological conditions is unclear, but it has been hypothesized that its defective control may render an individual susceptible to pathologic chronic T cell stimulation (6) , such as that encountered in several autoimmune disorders (2) .
As our preliminary studies revealed a defect in anti-CD2-induced PBMC proliferation in patients with pSS (7), we extended our research to investigating both the cellular and molecular mechanisms that underlie the proliferative failure and the relationship between this and the serological features ofthe disease.
Methods
Patient population. 38 patients (33 female and 5 male, age ranging from 19 to 64 yr), who fulfilled the Copenhagen criteria for the diagnosis ofpSS (8) , were included in the study. 31 patients had never been treated, 7 were taking corticosteroids. The results obtained from the treated patient group are reported only when the influence of the therapy on immunological parameters is considered. None fulfilled the criteria for a diagnosis of RA, systemic lupus erythematosus (SLE), progressive systemic sclerosis, or any other known connective tissue disease. 18 aged-and sex-matched healthy subjects acted as controls. Cord blood samples from healthy full-term newborns, collected immediately after birth, were also employed as controls in some experiments. In addition, eight untreated SLE patients with no signs of exocrine glandular involvement and eight patients with SS secondary (sSS) to RA (four patients), SLE (three patients), or progressive systemic sclerosis (one patient) were studied. None of these 16 patients were positive for anti-La antibodies and only 6, four with SLE and two with SLE plus sSS, were anti-Ro antibody positive.
Serological studies. Antinuclear antibodies were determined by indirect immunofluorescence with Hep-2 human cell line as substrate. Anti-extractable nuclear antigens were detected by counterimmuno-electrophoresis, according to Bunn et al. (9) , by using an extract of human spleen and rabbit thymus (Pel-Freeze Biologicals, Rogers, AR) as sources of antigens (10, 1 1). Reference sera were kindly provided by Dr. K. B. Elkon, Hospital for Special Surgery, Cornell University, New York.
Cell preparation. PBMC were isolated from heparinized peripheral blood by density gradient centrifugation on Ficoll-Hypaque (Lymphoprep; Nycomed AS, Oslo, Norway) and resuspended in RPMI-1640 supplemented with 10% FCS, 4 mM L-glutamine, 100 U/ml penicillin, and 100 gg/ml streptomycin (complete medium) (Gibco Laboratories, Grand Island, NY). PBMC were separated into sheep red blood cell rosette-enriched (E+) and rosette-depleted (E-) subpopulations as detailed elsewhere (12) . E--cell suspensions were then irradiated at 3,000 rad (E-) and used as a source of accessory cells (AC standard curve, constructed by using serial dilutions of rIL-2 of known activity, was used to calculate the concentration of IL-2, which was expressed as U/ml in each culture supernatant. Some supernatants were simultaneously assayed on the IL-2-sensitive mouse cell line CTLL (13) . As both assays yielded similar results in terms of U/ml, only the data for murine splenocytes are given.
RNA preparation. Total cellular RNA was isolated by the guanidium/cesium chloride method (14) . Briefly, 20 
Results
Expression of surface CD2 molecule on PBMC. The percentages of CD2+ cells in pSS (mean±SEM: 69.7±4%), sSS (71.8±4), SLE (67.8±6), and control (72.5±3) PBMC samples were comparable (P = NS). In addition, the molecule was expressed with similar intensity on the positive cells ofthe four groups of samples, since the cytofluorographic profiles for the anti-CD2 overlapped (data not shown).
Activation of PBMC. The PBMC blastogenic response to PHA (final dilution 1:100) was similar in pSS (mean±SEM: 64,456±22,765 cpm), sSS (69,582±24,699; P = NS), and control (73,121+21,003; P = NS) samples. Anti-CD3 response (final dilution 25 ng/ml) was only slightly lower in pSS (12,459±6,631) than in sSS (18,399+4,498; P < 0.05) and controls (16,593±4,621; P < 0.05). In contrast, anti-CD2-induced mean proliferation was markedly lower in pSS (27,839±25,766) than in either sSS (57,849+27,127; P < 0.001), SLE (69,942±31,773; P < 0.001), or control PBMC samples (43,551+15,466; P < 0.001). The reduced proliferation was not influenced by changes in incubation time or MAb concentration ( Fig. 1 ). There was no direct relationship between hyporesponsiveness to anti-CD2 and antinuclear antibody titers or immunofluorescence pattern. However, when pSS patients were subdivided into three groups according to anti-extractable nuclear antigen positivity, i.e., Ro-/La-, Ro+/La-, Ro+/La+, proliferation was found to be within the normal range in the Ro-/La-group (P = NS), slightly but not significantly decreased in Ro+/La-patients (P = NS), and markedly reduced in Ro+/La+ subjects (P < 0.001) (Fig. 2) . There was no difference in the CD2 molecule expression of hypo-and normo-reactive pSS samples (data not shown). Anti-CD2 T-lymphocyte activation in T cell and T-plus AC cultures. Despite the fact that the T cell activation pathway via the CD2 molecule has been reported to be monocyte independent, our recent studies on immature human cord cells have demonstrated that monocytes can exert an influence on CD2-triggered T cell activation (15) . For this reason, experiments were designed to establish whether an inhibitory effect or a failure of AC was responsible for the mitogenic defect in pSS PBMC. As Fig. 3 shows, purified T cells from unresponsive pSS PBMC samples did not respond to anti-CD2 stimulation, whereas those from normal subjects did, thereby suggesting that a functional defect at the T cell level was responsible for the faulty pSS PBMC proliferation. Moreover, since the addition of either pSS or normal AC to anti-CD2-stimulated patient T cell cultures did not modify their impaired proliferation, and the mixing of patient AC to normal T cell cultures had no effect on their response to the anti-CD2 stimulus, it would seem that patient AC are functionally normal and do not exert any significant inhibitory effect. IL-2 production. As T cell activation via the CD2 molecule is regulated by an IL-2-dependent autocrine process, the in Table I , no IL-2 was detected in supernatants of patient PBMC or T-cell samples that responded poorly to anti-CD2 triggering (Experiment 1), whereas significant amounts of this lymphokine were found in both normoresponsive pSS and control samples (Experiment 2).
T113-antigen expression on PBMC surface after anti-T112 stimulation. To test the capacity of the anti-Tl 12 MAb to induce the expression of the T113 membrane antigen, it was added alone to three anti-CD2-unresponsive pSS and three control PBMC samples. The results showed that the anti-TI 12 MAb induced an equal expression intensity of TI 13 on a similar number of T cells in both pSS and control PBMC samples (data not shown).
Membrane IL-2R expression. The expression of the IL-2R, as recognized by the Tac MAb, was evaluated in both anti-CD2-and PHA-stimulated pSS and control PBMC. Patient samples with a weak response to anti-CD2-stimulation expressed low levels of IL-2R (Table II) . In contrast, IL-2R expression was unimpaired in pSS samples with normal anti-CD2-induced proliferation, as well as in PHA-stimulated normal and pSS cultures. Identical results were obtained when anti-CD2-induced T cell cultures were analyzed.
Transcription of IL-2 and IL-2R genes. To determine whether the failure in IL-2 and IL-2R synthesis was at the transcriptional or translational level, Northern blots were performed on resting and both PHA-and anti-CD2-stimulated PBMC in two anti-CD2-unresponsive pSS and two normal control samples. The faulty cell proliferation and absence of IL-2 production in patient samples were associated with lack of IL-2 mRNA expression, since anti-CD2-induced pSS PBMC, unlike normal and patient PBMC stimulated for two days with PHA, did not display the IL-2 hybridizing band (Fig.  4 A) . Northern blot analysis also indicated that the anti-CD2 stimulus was unable to induce IL-2R-specific mRNA in patient samples (Fig. 4 B) . These data exclude that a posttranscriptional defect could have been responsible for the fault in IL-2R expression and IL-2 synthesis and secretion. Effect of exogenous rIL-1 and rIL-2 on anti-CD2-induced T-cell activation. An optimal concentration (5 U/ml) of rIL-1 or rIL-2 induced no proliferation in both unstimulated pSS and control T-cell samples (Table III) . Addition of rIL-2, which enhanced the anti-CD2-mediated proliferation of control cells, failed to improve the poor response of pSS T-cell cultures to anti-CD2 triggering. The addition of rIL-1 to pSS and control anti-CD2-stimulated T cells had no effect on either.
Effect ofcalcium ionophore A23187 or PMA on anti-CD2-induced T cell activation. Because our results pointed to an impairment in the early transductional events of anti-CD2-pulsed T Table IV shows that increased concentrations of calcium ionophore exerted no influence on the poor patient T cell response to anti-CD2 activation, despite the fact that this reagent is known to invert defective anti-CD2-induced proliferation of cord T cells (15) . In contrast, pSS T cell samples that failed to respond to anti-CD2 alone, proliferated well when PMA (1-2 ng/ml) was added to the cultures (Table V).
Influence of immunosuppressive therapy on PBMC activation in pSS patients. As corticosteroids are known to exert a marked inhibitory influence on the immune system, the anti-CD2-activated proliferation of treated and untreated patients was compared (Fig. 5) . Interestingly, proliferation of pSS PBMC, which was markedly depressed during treatment, was above control levels in the group of patients who had terminated immunosuppressive therapy at least one month before the study was begun. Furthermore, a longitudinal study in six treated and three untreated pSS patients has shown not only that therapy can cause the low anti-CD2-stimulated PBMC mitogenesis to reverse, but also that the primitive proliferation defect is a stable feature in untreated patients (Fig. 6 ).
Percentage ofCD4 + cells and their subsets in PBMC samples from controls and untreated and treated pSS patients. To search a relationship between phenotypic and functional characteristics of PBMC in pSS patients, the percentages of the total CD4+ and CD45RA positive and negative CD4+ cell populations were evaluated. There were no differences in the proportions of the three subsets in normal controls and pSS patients studied before and 1-6 mo after terminating corticosteroids (Fig. 7) . In addition, there was no strict correlation between the number of CD4+, CD4+CD45RA+, or CD4+CD45RA-cells and responsiveness of pSS samples to anti-CD2 MAb either before or after immunosuppressive therapy (data not shown).
Discussion
Since a significant body of evidence suggests that cellular immunity is intimately involved in the pathogenesis of pSS (1), the study of the activation processes of peripheral blood T lymphocytes should add to our understanding of the immunoregulatory abnormalities encountered in this autoimmune disorder (2) .
T lymphocytes are known to be physiologically activated by various stimuli directed against either the Ti/CD3 complex or the CD2 molecule (3). While the molecular basis and the tients, eleven tested during treatment (black column) and nine from 1 to 6 mo after stopping (shaded column) immunosuppressive therapy. *P < 0.001 vs. normal controls; **P < 0.001 vs. untreated patients and patients tested during therapy.
biological significance of T cell activation via the CD3 antigen have been reasonably well defined, we know little about the physiological role played by the interaction of CD2 with its homologous cell surface-associated ligand LFA-3 (5). It has been postulated that CD2 regulates an antigen-independent activation pathway (4) or that the signals delivered via CD2 are an integral part of the antigen-specific pathway (16). Interestingly, previous studies have shown not only a requirement for the Ti/CD3 complex in CD2 signaling (16), but also a physical association between the CD3 and CD2 molecules (17) .
Although we found, like others (7, 18) , that the cell proliferation induced via the CD3 structure is only moderately decreased in PBMC samples from pSS patients, CD2-activated proliferation is markedly defective in many. In particular, we found a severe depression in anti-CD2-mediated proliferation in about one-third of pSS samples, irrespective of the antibody concentration or culture time.
Despite the fact that T cell proliferation via the CD2 molecule is usually thought to occur in the absence ofboth IL-1 and AC (4) , both have been recently reported to exert a regulatory influence on anti-CD2-mediated activation of cord T lymphocytes (15) . We, therefore, carried out experiments to test whether impairment of, or suppression by, antigen-presenting cells could be responsible for the reduced pSS PBMC proliferation and demonstrated that, when pSS AC are mixed with normal T cells, they do not inhibit anti-CD2-mediated activation. The fact that anti-CD2 alone, or combined with rIL-1 or normal AC, failed to significantly trigger mitogenesis of pSS T cells, is evidence that the depressed proliferation is the result of a defect at the T cell level.
An obvious explanation for the decreased anti-CD2-activated proliferation of patient T cells would seem to be reduced membrane expression of the CD2 molecule. However, we showed that neither low numbers ofCD2+ cells within the pSS PBMC population nor deficient T cell surface expression of the CD2 receptor accounted for the diminished proliferation, since the percentage of CD2+ cells, peak and mean fluorescence intensity, were similar in normal and pSS PBMC samples.
In an attempt to better comprehend the basis of the faulty mitogenic response via the CD2 antigen, the sequence of events leading to T cell proliferation was analyzed. Whereas CD2 stimulation of normal T cells is accompanied by IL-2 synthesis and the appearance of IL-2R (4), defectively proliferating anti-CD2-triggered patient PBMC produced negligible amounts of IL-2 and had low expression of IL-2R. Interestingly, unresponsive patient T cells remained refractory to anti-CD2 even when exogenous rIL-2 was added. Moreover, the lack of a significant induction of IL-2 and IL-2R mRNA expression in unresponsive patient PBMC after anti-CD2 triggering provides evidence that this stimulus is unable to transduce early activation signals.
The earliest intracellular events after antigen or mitogen binding to the membrane of T lymphocytes include activation of kinases with selective protein phosphorylation and elevation of cytoplasmic calcium concentrations (19) (20) (21) (24) . In our experiments, the combination of anti-CD2 with PMA, but not with A23187, evoked good proliferation of patient T cells. Therefore, it could be speculated that the unresponsiveness of pSS T cells to anti-CD2 is not secondary to a defect in transmembrane transduction of the activation signal, but rather, related to an impairment in posttransductional PKC triggering, which would then lead to a failure in IL-2 and IL-2R mRNA specific induction, IL-2 production, and IL-2R expression and, consequently, cell proliferation. The distinctly different results we obtained in treated and untreated pSS patients confirm that immunosuppressive therapy is able to alter T lymphocyte function and obscure their pathogenetic role (24) . Our 18-mo followup study on 6 treated and 3 untreated subjects with pSS seems to indicate that, when present, defective anti-CD2-mediated T cell proliferation is a stable characteristic, but that immunosuppressive therapy is able to restore T cell function. The persistence ofthis immunological defect in the absence of treatment and its reversibility with therapy recalls the failure of T cell activation via the CD5 molecule previously described in the peripheral blood of pSS patients (18) . However, despite the fact that a number of anti-CD5 MAb have been demonstrated to exert a co-stimulatory effect on murine (25, 26) and human (27) Because T cell dysregulation is feature common to several autoimmune diseases (2, 30, 31) , the present findings may lack specificity. However, they do seem to show that defective anti-CD2 proliferation is a characteristic of primary, but not secondary, SS. In addition, our data show that anti-CD2-mediated proliferation of blood T lymphocytes is greater in untreated patients with SLE than in pSS subjects. Finally, we demonstrated that defective T cell activation via CD2 is mainly characteristic of a subgroup of pSS patients who have serological evidence of anti-La autoantibodies, which apparently represent the most reliable marker of this autoimmune disorder and define a subset of patients with more severe disease involvement (1, 32, 33) .
The sum total of these observations should help to clarify the biological significance of the T cell dysfunction encountered in the peripheral blood of these patients. Primary SS, unlike systemic lupus erythematosus (SLE), is an autoimmune disease in which the main cellular immune activity is expressed at the level of target organs, i.e., exocrine glands, as demonstrated by the prevalence of T cells in glandular infiltrates (34) (35) (36) . Strong differences in functional activity of inflammatory site and peripheral blood T lymphocytes have been previously described in patients with pSS. Fox et al. (37) found that PHA-induced IL-2 synthesis was profoundly depressed in the PBL, in -25% of their pSS patients, while IL-2 production by the salivary gland lymphocytes of the same patients was normal. The peripheral blood and glandular lymphocytes of pSS subjects have also been reported to respond differently to exogenous rIL-2 (7). It could be postulated, therefore, that the patient-to-patient fluctuations in the re- A relationship between PBMC unresponsiveness to soluble antigens and high intensity lymphocyte infiltration at the site of inflammation has been documented in patients with RA, who also have inversely related peripheral blood and synovial T cell subset ratios (38) (39) (40) . This apparently paradoxical relationship, which is consistent with our findings in other immune-mediated disorders (41, 42) , suggests that blood T cell dysfunction and trafficking of T lymphocytes between peripheral blood and inflammation sites are interrelated phenomena. It could also be pertinent to understanding the mechanism underlying the improvement in T cell function induced by immunosuppressive therapy, which is known to reduce T cell infiltration in exocrine glands (1) . According to this theory, the association between unresponsiveness to anti-CD2 and the presence of anti-La autoantibodies in patients' blood would be accounted for by the fact that salivary gland infiltration by T cells is usually more intense in anti-La-positive than in antiLa-negative pSS patients (unpublished observations).
In conclusion, our data seem to imply that pSS comprises a wide spectrum of conditions in which polar subsets can be defined on the basis of their immunological, serological, and hystopathological features. They also provide clues to the pathogenesis of pSS and have potential application in the monitoring of therapy in this disorder.
